Since nitric oxide (NO) was first described as endothelium derived relaxing factor (EDRF),I
as a pulmonary vasodilator, bronchodilator, non-adrenergic non-cholinergic transmitter, and inflammatory mediator. There are three types of NO synthase, the enzyme catalysing the formation of NO -endothelial, neuronal (both known as constitutive or cNOs), and macrophage or inducible (iNOs) forms (fig 1).8 Agonists activate cNOs by an increase in calcium ion (Ca2+) concentration resulting in release of NO in seconds.10 iNOs is part of the immune system and is induced by cytokines, endotoxin, and lipopolysaccharide resulting in formation of larger amounts of NO.11 However, this reaction involves gene transcription, and is therefore much slower, resulting in increased production of NO over several hours or even days. It can be blocked by glucocorticosteroids. Once formed, NO activates soluble guanylyl cyclase (sGG) after binding to its haem moiety to initiate a three dimensional change in the shape of the enzyme which increases its activity and consequently the production of cyclic guanosine 3'5'monophosUniversity of phate (cGMP).12 13 NO in higher concentrations can have adverse influences on capillary permeability, causing oedema and plasma leak. In inflammatory lung conditions, such as asthma, induction of NOs in endothelium as well as epithelium may contribute to hyperaemia of mucosa, airway narrowing, and bronchoconstriction.
NO as a bronchodilator
Glyceryl trinitrate and sodium nitroprusside, whose vasodilator activity is partly mediated by NO production, relax airway smooth muscle in vitro, resulting in an increase in sGC activity and increase in cGMP.23 It has been proposed that the epithelial lining produces an epithelial derived relaxing factor, which is similar to EDRF, but is not certain to be NO. 24 There is some evidence that relaxation of precontracted guinea pig trachea is induced by NO.2526 In asthma, the high concentration of NO produced by iNOs in epithelial cells may suppress the activity of cNOs, and cause enhancement in intracellular calcium concentration and airway constriction. The histamine and carbachol induced increase in cGMP production in the respiratory system has been shown to be an L-arginine dependent process. 26 It could be speculated that the epithelial layer, by releasing NO, acts as a negative feedback system to histamine induced contractions. In asthma, high concentrations of NO produced by inducible NO synthases in inflammatory or epithelial cells may downregulate the activity of cNOs. This may disturb the breaking mechanism that prevents enhanced airway constrictions. Damage or removal of epithelium increases smooth muscle responsiveness.27 In asthma, epithelium is often damaged which may also affect production of NO by cNOs which would contribute to bronchospasm.28 Airway responsiveness to histamine is increased after intratracheal inoculation of parainfluenza type 3 virus and can be blocked by inhaling L-arginine.29 Therefore, it is likely that the deficiency in endogenous NO production after a viral infection is due to a dysfunction of the cNOs. A challenging hypothesis is that bronchial hyperresponsiveness may be suppressed by blocking the activity of the inducible form of NOs by using glucocorticosteroids. This would prevent downregulation of cNOs by iNOs. The effect of NO as a bronchodilator in humans has been disappointing. High concentrations of inhaled NO (>20 000 parts per billion) caused an increase in airway resistance in healthy subjects.30 An alternative might be to manipulate release of neuronal NO which should give selective bronchodilatation. This might be particularly effective in wheezy infants who respond poorly to P agonists or in chronic obstructive pulmonary disease. However, there are potential dangers ofinhaling NO in the presence of oxygen because of the formation of nitrate and nitrous and nitric acid which may increase airway responsiveness and in high concentration may cause pulmonary oedema. Role of NO as neurotransmitter There is increasing evidence that NO may function as a neurotransmitter of inhibitory non-adrenergic non-cholinergic (NANC) nerves or purinergic pathways as they were previously described34 (fig 2) . NO appears to account for the bronchodilator NANC response in vitro in human central and peripheral airways. Nerves containing NOs appear to supply bronchial vessels, airway smooth muscle, and submucosal glands. Parasympathetic, sympathetic, and sensory ganglia supplying the airways also contain NOs. NOs inhibitors potentiate the cholinergic neural response by acting as a functional antagonist to acetylcholine in airway smooth muscle. There is evidence that NO modulates reflex bronchoconstriction. 35 Bronchodilator NANC nerves are the only neural bronchodilator pathway in the human airway.
The question for research is whether there is any defect in those nerves in diseased airways. There is some evidence for this. Although NANC responses in tissues from patients with mild asthma were not altered, responses were significantly reduced from patients with cystic fibrosis.36 Further information is needed on the NANC neural bronchodilator pathway to unravel whether it has a part to play in the pathophysiology of early asthma in children.
Persson et al demonstrated that NO in exhaled air increased with exercise in healthy volunteers.37 It would be of value to study the change of NO concentration in exercise induced asthma to establish if there is any abnormality in the modulation of bronchoconstriction in response to exercise in asthmatics. Perhaps the bronchoconstriction produced during exercise in subjects with asthma and cystic fibrosis is due to the increased NO release.
Active smoking decreases the amount of NO in exhaled air in healthy people.38 The regulation of NO synthesis by neuronal cNOs may be impaired in children whose mothers smoke in pregnancy and who were exposed to passive smoking in infancy which may predispose them to wheezing illnesses. Recent evidence elegantly demonstrated how iNOs can be induced by tumour necrosis factor-cx in cell lines from human bronchial mucosa.40 The same paper described using specific antisera to stain for iNOs on lung biopsy specimens from a group of people with asthma. There was increased iNOs expression on the samples from asthmatics who were not on inhaled steroids compared with samples from patients with lung cancer. In asthma there is upregulation of many cytokines including tumour necrosis factor-ox, interferon -y, and interleukin-1 B.41 It is, therefore, easy to understand why iNOs is upregulated.
NO has an immunomodulatory role in asthma and most likely in other inflammatory conditions via effects on T lymphocytes,42 neutrophils,43 and macrophages.II Furthermore, mast cells and fibroblasts are also capable of producing NO44 and mast cell degranulation causing release of many bronchoconstriction mediators is a feature of asthma. It is likely that in the early stages of asthma NO acts as an endogenous bronchodilator to counteract the bronchoconstriction caused by mast cell degranulation. However, when greater quantities of NO are produced in established asthma, its production is a double edged sword. It causes plasma leak as a result of vasodilatation and has a cytotoxic effect contributing to epithelial shedding.
Thus NO is involved in chronic lung injury in asthma and probably also in cystic fibrosis. It mediates the effect of ozone in damaging the epithelium,45 which may be significant in view of the increased incidence of asthma in recent times. Further evidence of its importance in asthma comes from a study by Kharitonov et al looking at NO concentration in expired air from asthmatic patients.46 Measured by chemiluminescence, it was significantly raised in subjects with asthma who were not on inhaled or oral steroids, compared with controls and subjects on steroids. The concentration of NO in exhaled air was reduced by inhaling an arginine analogue, L-NMMA (NG-monomethyl-L-arginine), which inhibits NO synthesis. The increased level of NO in asthmatics has been confirmed by other authors.374748 Further development of this technique may make it possible to monitor lung inflammation by measuring NO in exhaled air and this may be a valuable tool in directing anti-inflammatory treatment.49
Asthma is an obvious clinical situation where it can be used, although it might be of value in children with cystic fibrosis and bronchopulmonary dysplasia.
There is some evidence that in healthy people the major part of NO in exhaled air originates in the nasal airways with only a minor contribution from lower airways.4748
This relatively large production should be taken into account when measuring NO as an indicator of inflammation in lower airways. In subjects with seasonal rhinitis, however, the nasal levels of NO were much higher than in controls but the level of NO was also increased with oral sampling, suggesting generalised inflammation of airways in patients with rhinitis but no obvious evidence of clinical asthma (U Martin, personal communication). By comparison, the study by Alving et al suggested that the level of NO was not significantly increased in asthmatics if measured nasally but became 2-3 fold higher if measured orally compared to controls.47 This suggests that the major source of NO in normal airway is bronchial epithelium but when this is shed, as in inflammation, it is fibroblasts and macrophages that produce NO.
The majority of studies measuring NO in exhaled air involve adult patients. However, Lundberg et al have used a direct nasal sampling technique to measure NO in exhaled air from children.48 It would be of particular interest to look at NO production in infants and young children in order to unravel the role of inflammation in early asthma. This could then lead to development of early intervention strategies. Whether inhibiting of the NO inflammatory pathway will have any direct therapeutic effect in asthma remains to be seen. Considering the information already available regarding the site of production of NO in asthma and atopic rhinitis, and the technical difficulties associated with collecting samples in children, careful subject selection will be needed for future studies.
Finally the presence of NO in car exhaust, gas cookers and cigarette smoke, may in part explain the increased incidence of asthma over the last few decades.
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